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Background The promotion of household water treatment and handwashing
with soap has led to large reductions in child diarrhoea in rando-
mized efficacy trials. Currently, we know little about the health
effectiveness of behaviour-based water and hygiene interventions
after the conclusion of intervention activities.
Methods We present an extension of previously published design (propensity
score matching) and analysis (targeted maximum likelihood esti-
mation) methods to evaluate the behavioural and health impacts of
a pre-existing but non-randomized intervention (a 3-year, com-
bined household water treatment and handwashing campaign in
rural Guatemala). Six months after the intervention, we conducted
a cross-sectional cohort study in 30 villages (15 intervention and 15
control) that included 600 households, and 929 children <5 years
of age.
Results The study design created a sample of intervention and control villages
that were comparable across more than 30 potentially confounding
characteristics. The intervention led to modest gains in confirmed
water treatment behaviour [risk difference¼ 0.05, 95% confidence
interval (CI) 0.02–0.09]. We found, however, no difference between
the intervention and control villages in self-reported handwashing
behaviour, spot-check hygiene conditions, or the prevalence of
child diarrhoea, clinical acute lower respiratory infections or child
growth.
Conclusions To our knowledge this is the first post-intervention follow-up study
of a combined household water treatment and handwashing beha-
viour change intervention, and the first post-intervention follow-up
of either intervention type to include child health measurement.
The lack of child health impacts is consistent with unsustained
behaviour adoption. Our findings highlight the difficulty of
* Corresponding author. Division of Epidemiology, University of
California, 50 University Hall, Berkeley, CA 94720-7360, USA.
E-mail: benarnold@berkeley.edu
1 Division of Epidemiology, University of California, Berkeley,
CA, USA.
2 Center for Health Studies, Universidad del Valle de
Guatemala, Guatemala City, Guatemala.
3 Swiss Tropical Institute, Department of Public Health and
Epidemiology, University of Basel, Basel, Switzerland.
4 Division of Biostatistics, University of California, Berkeley, CA,
USA.
The online version of this article has been published under an open access model. Users are entitled to use, reproduce, disseminate, or display the open access
version of this article for non-commercial purposes provided that: the original authorship is properly and fully attributed; the Journal and Oxford University Press
are attributed as the original place of publication with the correct citation details given; if an article is subsequently reproduced or disseminated not in its entirety
but only in part or as a derivative work this must be clearly indicated. For commercial re-use, please contact journals.permissions@oxfordjournals.org
Published by Oxford University Press on behalf of the International Epidemiological Association.
 The Author 2009; all rights reserved. Advance Access publication 2 July 2009
International Journal of Epidemiology 2009;38:1651–1661
doi:10.1093/ije/dyp241
1651
implementing behaviour-based household water treatment and
handwashing outside of intensive efficacy trials.
Keywords Household water treatment, handwashing, intervention, sustain-
ability, propensity score matching, targeted maximum likelihood,
Guatemala
Introduction
The prevalence of diarrhoea in developing countries has
encouraged the development of low-cost, behaviour-
based interventions to interrupt diarrhoea-causing
pathogen transmission by improving water quality at
the point-of-use and by washing hands using soap.
Meta-analysis of efficacy studies indicate that house-
hold water treatment reduces diarrhoea in children
<5 years of age by 30–40%,1–3 and handwashing with
soap reduces diarrhoea and acute respiratory infections
by 31 and 24%, respectively.4,5 The child health
improvements documented in efficacy studies of the
interventions reflect treatment effects in the short
term (maximum study duration 12 months), typically
under weekly or bi-weekly behavioural reinforcement.
In this article, we evaluate the effectiveness of a
3-year, combined water treatment and handwashing
intervention in rural Guatemala through a novel
extension of previously published design (propensity
score matching) and statistical methods (targeted
maximum likelihood estimation).6,7 Between October
2003 and September 2006, two non-governmental
organizations, Caritas and Catholic Relief Services,
implemented a large household water treatment and
handwashing campaign in approximately 90 villages
across three municipalities in rural eastern
Guatemala. The implementing organizations had
oversight from the SODIS Foundation (http://
www.fundacionsodis.org). The promoted water treat-
ment methods were boiling, solar disinfection
(SODIS) and chlorination using diluted bleach; all
having demonstrated health benefits.2,8 All villages
received the same intervention package, and all activ-
ities were initiated at the same time. In each inter-
vention village, Caritas technicians introduced the
programme to village residents and recruited commu-
nity-based health promoters for training. The trained
health promoters later visited households with chil-
dren 43 years of age or with pregnant mothers to
promote water treatment and handwashing using
soap. Promoters educated mothers about proper nutri-
tion for their children, and at the end of each visit
gave the family a small ration of rice, beans and oil.
The visits were conducted monthly or bimonthly and
lasted 30 min each (see online appendix for addi-
tional details; available as supplementary data at IJE
online). There exists no formal record of the propor-
tion of eligible households that participated, but tech-
nicians on the ground suggest that the majority of
eligible households participated. At the conclusion of
the intervention, the implementing organization con-
ducted a survey of participating households and
recorded water treatment behaviour based on self-
report. The survey estimated that 70% of participating
households regularly used some method of household
water treatment (village level participation range: 29–
100%). The SODIS Foundation provided these data at
the start of our evaluation.
The primary objective of this study was to revisit
households to assess water treatment behaviour,
basic hygiene knowledge and practices, and child
health 6 months after the conclusion of the interven-
tion. We measured child health using self-reported
symptoms of acute diarrhoeal and respiratory illness.
We used anthropometric measurements that have
demonstrated utility as outcome measures for water
and sanitation interventions.9–11
Methods
Study design and population
This study was conducted in the Camota´n municipal-
ity in the mountainous state of Chiquimula,
Guatemala, near the eastern border with Honduras.
We used a cross-sectional cohort design with a
7-day retrospective risk period.12 All data collection
followed protocols approved by institutional review
boards at the University of California, Berkeley and
the Universidad del Valle de Guatemala, and all
participants provided informed consent.
Since the intervention was non-randomized and
villages were purposely selected by the implementing
organizations, intervention villages were likely differ-
ent, on average, from other villages in the study
region. Baseline differences between intervention
and control villages could lead to differences in
water and hygiene practices and child health, inde-
pendent of the intervention. To help increase compar-
ability between intervention and control groups,
we used restriction and propensity score matching13
based on pre-intervention characteristics to select
intervention and control villages. All study villages—
intervention and control—were selected in 2007,
after the intervention ended. We adapted this selec-
tion approach from prospective, non-randomized,
community-level intervention studies.6,14,15
We obtained village-level 2002 census data with
detailed information about demographics, education,
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housing conditions, water sources and sanitation for
88 villages (30 intervention, 58 control) in the study
region.16 We restricted our sample to villages with at
least 50 children <5 years of age to guarantee a suf-
ficient sample in each village. After a rapid assess-
ment, we excluded two additional potential control
villages that were qualitatively wealthier and had a
large fraction of residents living in the USA sending
remittances. This newly generated wealth was not
reflected in the 2002 census. Our final sample for
the match included 23 intervention villages and 26
potential controls.
We modelled the probability of participation in the
behaviour change intervention using a logit model:
logit [Pr(A¼ 1|W)]¼ ’W, where A is an indicator
variable equal to 1, if a village participated in the
intervention, and 0 otherwise, and W is a vector of
characteristics that included the percentages in each
village of: males; children <5 years of age; literate
females; individuals employed in agriculture; house-
holds with private water taps; households with pri-
vate wells; households with private latrines;
households with electricity; and households with
soil floors. Additionally, we measured the number of
households, people per household and distance to the
municipal centre. Importantly, the covariates in W
were selected after detailed discussions with program
technicians in the implementing organizations, and
include information that the organizations used to
select intervention villages.
In both the propensity score model used in our
design and the targeted maximum likelihood estima-
tion used in our adjusted analyses, one must estimate
regressions that are not of direct interest (nuisance
parameters), but are necessary to estimate the param-
eter of interest. The consistency of our estimates is
contingent on the consistency of these nuisance
parameter estimates. To estimate the nuisance para-
meters, we used the Deletion/Substitution/Addition
(D/S/A) algorithm, which is a flexible model-selection
approach that fits polynomial terms and their tensor
products using cross-validation.17 Our D/S/A-selected
propensity score model included the covariates as
main effects with no interactions after allowing for
up to two-way interactions, a maximum quadratic
order for each term, and up to 15 total terms.17 We
excluded intervention and control villages outside the
region of common support (overlap) on the propen-
sity score.18 Finally, we matched each intervention
village to a control village without replacement,
using the linear predictor of the model with nearest
neighbour matching. This step resulted in 19 matched
pairs. Due to time-in-field constraints, we included
the 15 pairs with the closest match in our study.
We selected households within each village, using a
stratified systematic sample. Our team used village
sketch maps from the municipal planning department
to split each village into two geographic strata with
roughly equal numbers of houses. Within each
stratum, the field supervisor chose a random start,
and the interviewer teams visited every third house
until 10 houses were sampled. The inclusion criteria
for the study were: (i) at least one child <5 years of
age living in the home and (ii) the family had lived in
the village since 2003 or earlier (the time of interven-
tion start). If a selected household met our inclusion
criteria but the primary caretaker was away, the field
team returned two additional times before choosing a
replacement household.
Data collection and measurement
A team of four trained fieldworkers and a field super-
visor conducted household interviews during the
dry season between April and June of 2007. The
survey instrument was pre-tested and validated over
a 2-week period in nearby, non-study villages. We
collected household water samples in a random
sample of 48 households from eight study villages
(four intervention and four control, distributed
across major water catchments). Water samples
were collected in 100-ml Whirl-PackTM bags in a fash-
ion that mimicked each household’s water retrieval
practices, and transported in a cooler to the laboratory
at the Universidad del Valle de Guatemala for cultur-
ing within 20 h of collection. Samples were processed
using the Colilert Quantitray 1000 kit (IDEXX
Laboratories), and we used a most probable number
(MPN) table to quantify Escherichia coli.
The primary health outcomes of our study
were diarrhoea, clinical acute lower respiratory-tract
infections (ALRI), and child growth measured by
height, weight and mid-upper-arm circumference.
We collected gastrointestinal and respiratory symp-
toms over the previous 7 days using a health calendar
modelled after Goldman et al.19 Gastrointestinal and
respiratory outcomes were measured using daily
longitudinal prevalence20,21 with 2-day recall after
we identified under-reporting of symptoms for recall
periods42 days.22,23
Self-reported health outcomes
We defined diarrhoea as three or more loose or watery
stools in 24 h, or a single stool with blood or mucus.24
We recorded symptoms of highly credible gastrointesti-
nal illness (HCGI), which includes any of the following
four conditions: vomiting, watery diarrhoea, soft diar-
rhoea and abdominal cramps, or nausea and abdominal
cramps.25 We defined clinical ALRI according to the
World Health Organization (WHO) clinical case defini-
tion: cough or difficulty breathing with a raised respi-
ratory rate measured with a wristwatch (more than 60
breaths/min in children <60 days old, more than 50
breaths/min for children aged 60–364 days, more than
40 breaths/min for children aged 1–5 years).26
Anthropometrics
All fieldworkers were standardized on anthropometric
measurement techniques over 2 days of training,27
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and they collected measurements in teams of two.
Fieldworkers measured the weight and length of chil-
dren <2 years of age in the lying position, and chil-
dren aged 2–5 years standing using infant scales
(Tanita 1380, 0.1 kg accuracy) and stadiometers (420
Measure All, 0.1 cm accuracy). Upper-arm circumfer-
ence was measured for children aged 56 months at
the mid-point of the upper right arm using an elastic
tape (0.1 cm accuracy).
Knowledge and practices
We measured water-treatment practices using self-
reported behaviour. Families that reported treating
their water were classified as ‘confirmed’ if they met
the three following criteria: (i) reported treating their
water in the previous 7 days, (ii) had treated water in
their home at the time of the interview and (iii) could
produce the materials they used to treat water.
Fieldworkers evaluated the presence of treated water
based on self-reported information and a sample (not
tested) provided by the family. Treatment materials
included a designated pot and storage container for
boiling water, plastic bottles for SODIS and liquid
bleach or chlorine tablets and a designated storage
container for chlorine treatment. Interviewers col-
lected self-reported handwashing behaviour by
asking an open question to mothers about when
they washed their hands in the past 24 h and
coding answers using five critical times: before cook-
ing, eating, or feeding children and after defecation or
changing the baby. Interviewers collected information
about hygiene and water storage with discrete spot-
check observations during the interview.
Statistical methods
Using daily symptoms reported at the time of the
interview, we reconstructed the 48-h retrospective
risk period for each child in the study.12 The param-
eter of interest for all outcomes is the marginal treat-
ment effect conditional on selection into the study
based on restriction and propensity score matching.
We estimate the parameter as:
EðY j A ¼ 1;WÞ  EðY j A ¼ 0;WÞ
where Y is the outcome of interest, A is an indicator
equal to 1 if a child lives in an intervention village
and 0 otherwise, and W  is the set of characteristics
among intervention villages in the study sample (W 
¼ W | A¼ 1, more than 49 children <5 years of age).
Thus, our inference is limited to the set of interven-
tion villages for which there is a comparable control
village based on the village selection method. For self-
reported health outcomes, we calculated the differ-
ence in the daily longitudinal prevalence between
the intervention and control groups. We converted
the anthropometric measurements to age- and sex-
specific Z-scores using a publicly available algorithm
that references the 2006 WHO Growth Standards,28
and calculated the difference in Z-score means.
For self-reported health and anthropometric out-
comes, we attempted to improve the efficiency of
the estimator and control for potential residual con-
founding using targeted maximum likelihood estima-
tion (MLE).7 Non-technical details of our estimation
strategy with complete notation and specifications are
included in the appendix (available as supplementary
data at IJE online). We calculated 95% confidence
intervals (CIs) for unadjusted and adjusted estimates
using a bootstrap with matched village pairs as the
sampling unit to reflect the design and account for
correlation between children within villages.
We estimated that a sample of 30 villages with 20
households per village would be sufficient to detect a
difference of 5.5 percentage points in the longitudinal
prevalence of diarrhoea, assuming a prevalence of
15% in the control group29 and 80% power.
Results
Village selection and pre-intervention
characteristics
The village selection process improved the comparabil-
ity of intervention and control villages across a range
of important, pre-intervention characteristics. Table 1
summarizes pre-intervention covariate means for con-
trol and intervention villages, their standardized dif-
ference (SD), which is equal to the difference
in means in standard deviations and is a useful
measure of balance.14 Before restriction and match-
ing, intervention villages had more households on
average (91 vs 55%; SD¼ 67) and a greater proportion
of households with tap water (73 vs 53%; SD¼ 47),
latrines (61 vs 53%; SD¼ 18) and electricity (61 vs
45%; SD¼ 32). After restriction and matching,
balance improved for 7 of 12 covariates (Table 1).
Population characteristics
Interviewers visited 30 villages (660 households). Of
these, 60 (9.0%) refused to participate in the study:
27/327 (8.3%) in intervention villages and 33/333
(9.9%) in control villages. The final sample included
600 households, 929 children <5 years of age and
1858 child-days of observation. Fieldworkers obtained
complete anthropometric measurements for 872
(94%) children.
Intervention and control villages remained well
balanced across a wide range of potentially confound-
ing variables in 2007 (Table 2). Of 48 stored water
samples, nearly all contained Escherichia coli: only
two (4%) samples had MPN <1 per 100 ml and the
mean (SD) log10 E. coli concentration per 100 ml was
1.975 (0.870) in the control and 2.292 (1.033) in the
intervention group. In intervention villages, 147 (49%)
of study households reported participating in monthly
visits from CRS/Caritas promoters at anytime since
2003 (only 5% of families could remember specific
dates—month/year when asked).
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Knowledge and practice outcomes
Overall, 85% of study households were satisfied with
their drinking-water quality, but only 65% of respon-
dents believed their drinking water was clean. The
proportion of participating families in intervention vil-
lages reporting water treatment dropped from 70% at
the end of the intervention to 37% 6 months later.
Households in intervention villages were more likely
to treat their water than control households based on
self-reported activity [33.3 vs 21.0%; Risk Difference
(RD)¼ 0.12, 95% CI 0.01–0.24], and based on con-
firmed water treatment activity at the time of the
visit (8.7 vs 3.3%; RD¼ 0.05, 0.01–0.10) (Table 3).
The primary reason families gave for not treating
their water was that it was already clean (48%), fol-
lowed by bad taste (14%), not interested (11%) and
no time (7%).
We did not observe differences between intervention
and control groups in self-reported handwashing
behaviour, or spot-check observations of hygienic con-
ditions (Table 4). Soap was present in most homes
(90%), and its use was similar in intervention and
control villages (RD¼ 0.03, –0.05 to 0.11).
Child health
In children <5 years of age, the daily longitudinal
prevalence of diarrhoea and HCGI during the mea-
surement period was 11.9 and 12.6%, respectively.
Intervention and control groups did not differ in
diarrhoea [Longitudinal Prevalence Difference
(LPD)¼ 0.004, 95% CI –0.051 to 0.058] or HCGI
(LPD¼ 0.005, –0.054 to 0.065) (Table 5). Respiratory
illness was common among children in the study: the
daily longitudinal prevalence of cough or difficulty
breathing was 30.0% and clinical ALRI was 6.9%.
We observed no differences between the intervention
and control groups in the longitudinal prevalence of
cough or difficulty breathing (LPD¼ 0.012, –0.097 to
0.137) or ALRI (LPD¼ 0.019, –0.028 to 0.078).
Study children were generally well nourished but,
consistent with our acute self-reported health out-
comes, we found no differences in anthropometric
measures between children living in intervention
and control villages (Table 6). Adjustment for a
large set of potential confounding variables using
targeted maximum likelihood did not change the
unadjusted results (see appendix, available as supple-
mentary data at IJE online).
Discussion
To our knowledge, this is the first post-intervention
follow-up study of a combined household water treat-
ment and handwashing behaviour change interven-
tion, and the first to extend propensity score
matching and targeted maximum likelihood estima-
tion to the design and analysis of a pre-existing inter-
vention. The absence of child health impacts is
consistent with the modest improvement we observed
in water treatment behaviour (Table 3), no detectable
differences in handwashing behaviour, and highly con-
taminated living environments (Table 4). These find-
ings are consistent with efficacy trials of household
water treatment that have found that health impacts
are contingent on compliance.2,3 The large difference
between self-reported and confirmed water treatment
Table 1 Summary of pre-intervention characteristics before and after village-selection, Camota´n, Guatemala, Census 2002
All villages Study sample
Mean Control Intervention SDa Control Intervention SDa
Male (%) 51.2 50.7 1.0 52.2 51.6 1.3
Children <5 years of age (%) 18.8 19.5 1.7 19.5 19.4 0.2
Age 7–14 that work (%) 11.1 11.1 0.1 12.5 11.3 3.7
Female literacy (%) 42.4 41.8 1.2 38.2 41.6 7.0
Work in agriculture (%) 85.8 89.6 12.5 88.1 90.5 8.0
Total households 54.5 91.0 66.6 85.8 97.9 28.3
Houses with tap water (%) 52.5 73.3 47.0 59.8 67.8 17.2
Houses with latrine (%) 52.6 61.3 17.8 45.4 63.3 37.2
Houses with electricity (%) 45.3 60.8 31.8 46.9 55.1 16.5
Houses with soil floors (%) 75.0 80.5 14.0 79.2 79.4 0.5
Houses with thatched roofs (%) 44.8 49.8 9.8 47.6 48.9 2.8
Distance to municipal centre (km) 18.9 16.2 28.0 19.0 15.7 32.7
Number of villages 58 30 15 15
Number of households 3160 2731 1287 1469
aThe standardized difference is equal to the difference in standard deviation of the mean (I–C) multiplied by 100. It. is calculated
as (I  C)/½ðS2I þ S2CÞ=21=2  100. For example, a difference of 1 standard deviation is equal to 100. A value of zero indicates
equality of the means.
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Table 2 Summary of post-intervention characteristics and measures of balance following a 3-year point-of-use water
treatment and handwashing intervention, Camota´n, Guatemala, 2007
Mean Control Intervention Standardized differencea Variance Ratiob
Child characteristics n¼ 455 n¼ 474
Male (%) 50.3 54.4 8.21 0.99
Age (months) 30.5 28.2 13.56 0.98
Total months breastfed 16.4 15.1 17.22 0.91
Mother’s characteristics n¼ 300 n¼ 300
Age (years) 30.5 29.7 9.64 0.83
Currently pregnant (%) 11.0 12.7 5.15 1.13
Works for money (%) 11.3 16.0 13.59 1.34
Literate (%) 25.0 28.7 8.27 1.09
Leaves village more than once per week (%) 38.5 28.1 10.90 0.84
Household characteristics n¼ 300 n¼ 300
Total persons living in home 6.8 7.0 8.41 1.25
Number of children <15 years old 3.7 4.0 11.74 1.26
Number of children <5 years old 1.5 1.6 10.00 1.05
Electricity (%) 43.7 55.3 23.46 1.00
Dirt floor (%) 67.0 61.7 11.13 1.07
Thatch roof (%) 25.3 25.0 0.77 0.99
Home ownership (%) 95.3 92.7 11.23 1.53
Land ownership (%) 51.3 49.7 3.33 1.00
Use banking services (%) 8.7 7.3 4.91 0.86
Have relatives in USA (%) 13.3 11.0 7.13 0.85
Have relatives in the capital (%) 17.0 16.3 1.79 0.97
Durable good ownership (%)
Refrigerator 9.7 6.3 12.29 0.68
Radio 81.0 83.7 6.98 0.89
Television 14.3 13.3 2.89 0.94
Mobile phone 28.3 35.3 15.04 1.13
Bicycle 7.0 15.0 25.74 1.96
Automobile 3.7 4.0 1.73 1.09
Water supply
Primary water source (%)
Private tap 67.3 66.0 2.82 1.02
Public tap 8.7 9.0 1.17 1.03
Public well 8.0 4.7 13.70 0.60
Spring 12.3 10.7 5.22 0.88
Surface water (river/lake) 3.0 8.3 23.18 2.63
Other 0.7 1.3 6.69 1.99
Minutes per day retrieving water 26.9 29.5 3.84 1.09
Satisfied with water quantity (%) 81.0 73.3 18.31 1.27
Sanitation
Latrine ownership (%) 55.3 64.0 17.71 0.93
Animals in living vicinity of house (%)
Pigs 42.3 56.0 27.55 1.01
Chickens/ducks 94.7 95.0 1.50 0.94
Dogs/cats 92.7 93.3 2.61 0.92
Cows/horses/mules/donkeys 14.3 9.0 16.64 0.67
aThe standardised difference is equal to the difference in standard deviation of the mean (I–C) multiplied by 100. It is calculated as
(I  C)/½ðS2I þ S2CÞ=21=2  100. For example, a difference of 1 standard deviation is equal to 100. A value of zero indicates equality
of the means.
bThe variance ratio is equal to S2I =S
2
C. A value of 1 indicates equal variance.
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(Table 3) suggests that self-reported water treatment
behaviour overestimates actual practice. Schmidt
and Cairncross recently outlined the problems of self-
reported health outcomes in non-blinded studies of
household water treatment.30 Our self-reported
health outcomes likely suffer from less reporting bias
because we do not have frequent, repeated visits, we
used a health calendar to collect symptoms, and we
minimized recall to 48 h. Our objective anthropometric
outcomes are an important complement to the self-
reported outcomes, and the null treatments effect is
consistent across all outcomes.
Table 3 Water storage and treatment practices following a 3-year point-of-use water treatment and handwashing
intervention, Camota´n, Guatemala, 2007
Control Intervention RD
Outcome n (%) n (%) (95% CI)a
Water storage practices
Stores drinking water in home 241 (80.3) 242 (80.7) 0.003 (0.07 to 0.08)
Exclusively covered or narrow mouth 182 (60.7) 188 (62.7) 0.020 (0.06 to 0.10)
Exclusively covered 174 (58.0) 187 (62.3) 0.043 (0.04 to 0.12)
Self-reported water treatment
Any method 63 (21.0) 100 (33.3) 0.123 (0.00 to 0.24)
Boiling 50 (16.7) 60 (20.0) 0.033 (0.07 to 0.14)
SODIS 0 (0.0) 39 (13.0) 0.130 (0.07 to 0.19)
Chlorine 12 (4.0) 15 5.0) 0.010 (0.02 to 0.04)
Confirmed water treatmentb
Any method 10 (3.3) 26 (8.7) 0.053 (0.02 to 0.09)
Boiling 8 (2.7) 15 (5.0) 0.023 (0.00 to 0.05)
SODIS 0 (0.0) 11 (3.7) 0.037 (0.01 to 0.06)
Chlorine 2 (0.7) 3 (1.0) 0.003 (0.01 to 0.02)
a95% CI calculated by bootstrap resampling matched village pairs with 1000 iterations.
bWater treatment was confirmed if the family (i) self-reported treating water in the previous 7 days, (ii) had treated water at the
time of the interview and (iii) could produce the materials they used to treat water.
n¼ 300 intervention and n¼ 300 control households.
Table 4 Handwashing and hygiene conditions following a 3-year point-of-use water treatment and handwashing
intervention, Camota´n, Guatemala, 2007
Control Intervention RD
Outcome n (%) n (%) (95% CI)a
Self-reported handwashingb
Before cooking 243 (81.0) 232 (77.3) 0.037 (0.11 to 0.04)
Before eating 100 (33.3) 101 (33.7) 0.003 (0.09 to 0.09)
Before feeding children 61 (20.3) 49 (16.3) 0.040 (0.14 to 0.06)
After defaecation 157 (52.3) 152 (50.7) 0.017 (0.12 to 0.09)
After changing baby 38 (12.7) 38 (12.7) 0.000 (0.10 to 0.10)
Spot-check observations
Mother’s hands are clean 271 (90.3) 267 (89.0) 0.013 (0.07 to 0.04)
Mother’s nails are clean 220 (73.3) 216 (72.0) 0.013 (0.10 to 0.08)
Can produce a bar of soap 266 (88.7) 275 (91.7) 0.030 (0.05 to 0.11)
Bar of soap is in plain view 170 (56.7) 177 (59.0) 0.023 (0.07 to 0.12)
Food is covered 160 (53.3) 167 (55.7) 0.023 (0.11 to 0.16)
Garbage present inside home 173 (57.7) 142 (47.3) 0.103 (0.23 to 0.02)
Feces observed in living area 211 (70.3) 231 (77.0) 0.067 (0.05 to 0.18)
a95% CI calculated by bootstrap resampling matched village pairs with 1000 iterations.
bResponses to an open-ended question about handwashing in the 24 h before the interview.
n¼ 300 intervention and n¼ 300 control households.
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Our confirmed water treatment adoption in inter-
vention households (9%) is lower than water treat-
ment adoption reported after a CARE/Madagascar
Safe Water System (SWS) campaign, which promoted
chlorine treatment with safe storage. Ram et al. found
that 54% (29/54) of households had detectable free
chlorine in their stored water 18 months after the
campaign.31 Parker et al. also report higher sustained
adoption after a clinic-based SWS and handwashing
intervention: 71% (36/51) of households had detect-
able free chlorine 1 year after the intervention.32
Our water treatment behaviour results are consis-
tent with Luby et al., who found 5% (22/462) of
households regularly treating their water 6 months
after the completion of a year-long household floccu-
lent-disinfectant intervention trial in Guatemala.33
Our handwashing and hygiene findings suggest that
the presence of soap is common even in the absence
of heightened promotion, but that self-reported hand-
washing remains infrequent around all key activities
except cooking (Table 4). This finding contrasts with
two earlier studies that report sustained handwashing
behaviour change many years after short-duration
interventions, though neither study included an
adequate control group.34,35
Our results demonstrate that with available pre-
intervention secondary data, the careful selection of
a study population in the design stage can greatly
improve the baseline comparability of intervention
and control groups in the evaluation of a pre-existing
intervention. Prospective, randomized designs have
implemented pair matching on one or two variables
such as baseline illness or community size to
help improve the comparability of treatment arms.36
The limitation of one- or two-variable matching in
non-randomized designs is that implementing
organizations usually rely on many (or ill-defined)
characteristics to choose intervention recipients, and
matching on one or two covariates is unlikely to bal-
ance a large set of potential confounders. Propensity
score matching simplifies multivariate matching by
accommodating continuous covariates and reducing
a large set of matching characteristics to a single
scalar. Restriction and matching limit inference to
the population ultimately included in the study, but
when interventions are targeted to a subset of the
population, making inference to segments of the pop-
ulation that do not share characteristics with those
treated must rely on extrapolation.
There are limitations to our study. Our design does
not include baseline outcome measurement. It is pos-
sible that intervention villages were in worse health
condition than controls before the intervention, and
that their health improved to control levels by 2007.
We think this scenario is unlikely given the limited
behaviour change we observed and the comparability
of intervention and control villages across a broad
range of demographic, socio-economic and environ-
mental characteristics in both 2002 and 2007.
Secondly, we only measured outcomes at one point
in time, and it is possible that we misclassified families
with respect to behaviour and illness, since these char-
acteristics likely vary over time. We attempted to
reduce misclassification by using measures of water
Table 5 Days of observation, days of illness and difference in longitudinal prevalence in children <5 years of age following
a 3-year point-of-use water treatment and handwashing intervention, Camota´n, Guatemala, 2007
Control Intervention
Outcome
Days of
observations
Days of
illness
Days of
observations
Days of
illness LPD (95% CI)a
Diarrhoea 910 107 948 115 0.004 (0.051 to 0.058)
HCGI 910 113 948 122 0.005 (0.054 to 0.065)
Cough or difficulty breathing 910 268 948 291 0.012 (0.097 to 0.137)
Congestion or eoryza 910 144 948 173 0.024 (0.026 to 0.071)
ALRI 910 54 948 71 0.019 (0.028 to 0.078)
a95% Confidence Intervals calculated by bootstrap resampling matched village pairs with 1000 iterations.
Table 6 Anthropometric measurements in children <5 years of age following a 3-year point-of-use water treatment and
handwashing intervention, Camota´n, Guatemala, 2007
Control Intervention Difference
Z-scorea n Mean (SD) n Mean (SD) (95% CI)b
Weight 423 1.312 (1.325) 453 1.365 (1.219) 0.053 (0.331 to 0.206)
Height 424 2.177 (1.880) 453 2.136 (1.596) 0.041 (0.305 to 0.326)
Weight-for-height 421 0.122 (1.728) 451 0.187 (1.421) 0.066 (0.248 to 0.124)
Mid-upper-arm circumference 401 0.348 (0.884) 426 0.335 (0.825) 0.014 (0.166 to 0.145)
aZ-scores were calculated using a standard WHO Stata algorithm and 2006 world reference data.
b95% CIs calculated by bootstrap resampling matched village pairs with 1000 iterations.
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treatment and hygiene that did not change rapidly over
time, and by supplementing self-reported health out-
comes with anthropometric measurements. Thirdly,
only 49% of intervention households reported partici-
pating in the intervention. This modest participation
rate may have diluted the treatment effect
sufficiently to lead to a null finding with respect to
effectiveness but is itself an important finding with
respect to future implementation. Comparing the sub-
group of participating intervention households to non-
participants in unadjusted and adjusted analyses did
not change our conclusions (see appendix available as
supplementary data at IJE online).
A final limitation is that our cross-sectional mea-
surement does not ultimately resolve whether
the intervention was sustainable. Two scenarios are
consistent with our results: (i) the intervention suc-
cessfully increased water treatment behaviour among
participating families, but the new behaviours were
not sustained after intervention completion, or (ii)
the intervention never led to behaviour change and
there was nothing to sustain. The only available
reference point to evaluate these scenarios was an
end-of-intervention survey conducted by the imple-
menting organization in which 70% of participating
households in our study villages reported consistent
household water treatment. Whereas this estimate is
likely biased upward, in our survey 6 months after the
intervention, 33% of intervention village households
self-reported that they treat their water, a measure-
ment prone to similar upward bias (Table 3). Taken
together, these measurements suggest that water
treatment likely tapered off after activities ceased.
Future studies could address sustainability more rig-
orously by collecting measurements at the end of the
intervention period followed by identical measures
later to capture changes over time.
Conclusion
Six months after a 3-year intervention in rural
Guatemala we observed minimal sustained water
treatment and handwashing behaviour, which conse-
quently led to no impacts on acute gastrointestinal,
respiratory or anthropometric measures. Our findings
highlight the difficulty of achieving sustained new
behaviour adoption in the context of non-research
intervention campaigns. Future research in this sector
should focus on identifying techniques to improve and
sustain behaviour adoption that implementing organi-
zations can use in development programs. Our study
design provides a useful template for effectiveness eva-
luations of pre-existing intervention campaigns
initiated outside of formal research activities.
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Supplementary data are available at IJE online.
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KEY MESSAGES
 Six months after a 3-year intervention that promoted household water treatment and handwashing
with soap in rural Guatemala, we measured behavioural and child health outcomes in 600 house-
holds from 15 intervention and 15 matched control villages.
 We found that 9% of intervention households treat their water compared with 3% in control villages.
 Self-reported handwashing behaviour and observed hygienic conditions were similarly poor in both
intervention and control villages.
 Consistent with the low sustained behaviour adoption, we found no difference between intervention
and control villages in child diarrhoea, respiratory infections or growth.
 Our findings highlight the difficulty of sustaining behaviour-based interventions outside of controlled
efficacy trials.
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